In recent years a variety of intracellular constituents have been detected in human tissues by immunoperoxidase staining of formalin-fixed, paraffinembedded tissues. Substances detected include immunoglobulin (Taylor and Burns, 1974) , gastrin (Piris and Whitehead, 1974) and other hormones (Heyderman and Neville, 1976) , lysozyme (Mason and Taylor, 1975) , hepatitis B antigen (Burns, 1975) , and carcinoembryonic antigen (Goldenberg et al., 1976) . These findings considerably extend the potential scope of current histological investigation, since the distribution of these substances in routine surgical tissue specimens from a wide range of disease states may be examined without the need for special fixation and preservation techniques.
We have explored the applicability of the immunoperoxidase technique to demonstrating transferrin, lactoferrin, and ferritin in paraffin sections. Our results show that it is potentially valuable in studying the cellular distribution of these ironbinding proteins in diseases characterised by abnormal iron status.
Material and methods
Paraffin-embedded blocks of various tissues were obtained from the surgical histological department of the Radcliffe Infirmary. The tissues had been 'Present address: Department of Hematopathology, University of Southern California School of Medicine, Los Angeles, California 90033, USA.
Received for publication 3 October 1977 316 routinely processed on the laboratory Histokinettes by the recommended schedule, using industrial methylated spirit and chloroform after adequate fixation in neutral formalin.
Rabbit antisera to transferrin and lactoferrin, swine anti-rabbit IgG antiserum, and peroxidase: anti-peroxidase complexes (PAP) were obtained from Dakopatts A/S. Rabbit anti-ferritin antiserum was obtained from Behringwerke AG.
IMMUNOHISTOLOGICAL STAINING
An immunoperoxidase technique (the PAP method of Sternberger et al., 1970 ) was used as previously described (Taylor and Mason, 1974; Mason and Taylor, 1975 group.bmj.com on July 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from Distribution of transferrin, ferritin, and lactoferrin in human tissues Controls for the specificity of the immunoperoxidase reactions involved omitting the primary antiserum (whereupon negative reactions were obtained) and also comparing the reactions for the three different proteins investigated (for example, antilactoferrin reacted positively with breast tissue and was negative on liver sections, while anti-transferrin gave the reverse pattern).
Results
The results of this study are summarised in Table 2 . The reactions of tissues in which positive staining was observed are considered in detail below under the heading of the three proteins studied.
TRANSFERRIN
In most tissues there was background staining of variable degree intravascularly and in the intercellular spaces. This staining, which is presumably accounted for by the ubiquitous distribution of transferrin in blood and extracellular fluid (Morgan, 1974) Histiocytes Histiocytes in dermal histiocytomata and xanthomata stained weakly. In contrast, activated histiocytes in granulomata (Crohn's disease and sarcoidosis) stained much more intensely. The reactions of Kupffer cells are described above. Skin A small proportion of epidermal cells stained strongly for transferrin (Fig. 6 ). Positive cells tended to lie in the stratum lucidum and were more numerous and more intensely staining in samples showing evidence of active chronic dermatitis than in normal skin samples. Positive epidermal cells were also found in sections of squamous cell and basal cell carcinomata (Figs. 7, 8) . In the former positivity appeared to be related to the degree of cell maturation and to evidence of keratinisation.
FERRITIN
In contrast to the ubiquitous background staining encountered when staining tissues for transferrin there was little labelling of this sort with anti-ferritin antiserum, presumably because of its low serum concentration.
Liver
Hepatocytes showed staining patterns similar to those observed for transferrin ( Fig. 1 and 2 ) with positive cells scattered singly and in sheets through the parenchyma (Figs. 9, 10) , although the staining reactions were consistently weaker than those for transferrin. In contrast to the transferrin reaction, Kupffer cells were positive for ferritin, in some cases staining very intensely (Fig. 11) 't-, -i;+" ;,a, (Fig. 13) . One case of mammary carcinoma, out of twelve studied, showed positive staining of malignant cells for lactoferrin.
Skin
The squamous epithelium in most samples was negative for lactoferrin. One basal cell carcinoma showed a few areas of moderate positivity, particularly in the vicinity of hair follicles, although these structures were clearly negative in normal skin. Bronchial gland This tissue showed positive staining for lactoferrin within glandular cells.
Discussion
The reactions reported above may be discussed in relation to the three different iron-binding proteins investigated. Each of the three antisera produced a separate distinct pattern of staining in the different tissues examined and positive cells were clearly distinguishable from negative cells, thus providing valuable intrinsic controls for this study. We found no evidence of significant cross reactivity between the three antisera.
TRANSFERRIN
The immunohistological demonstration of transferrin in the liver is in keeping with biosynthetic data, which show that it is the major site of transferrin production in adult man (Morgan, 1974) , and with immunofluorescent studies, which have found transferrin in human hepatocytes (Lane, 1967) . group.bmj.com on July 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from An interesting feature of its hepatic localisation in our study and in Lane's investigation is that positive hepatocytes were apparently randomly distributed within the liver. A similar pattern has been noted on immunohistological staining of human liver and of cultured explants of rat liver for fibrinogen and albumin (Hamashima et al., 1964; Guillouzo et al., 1976) . This appearance prompts the . question: what factors regulate protein synthesis in individual hepatocytes? There is some evidence that this activity is related to liver cell growth and division (for references see Thorbecke et al., 1973) . The immunoperoxidase technique we used may enable the relationship between cellular regeneration and synthesis of proteins such as transferrin in normal and pathological human liver to be studied more closely.
In addition to localising transferrin to hepatocytes immunoperoxidase staining showed it in a variety of epithelial cells, including gastrointestinal mucosa, and in stratified cutaneous and cervical epithelium. In the former site its presence may be related to its postulated role as an intracellular iron transport protein (Huebers et al., 1975) acting in concert with mucosal ferritin.
However, in non-absorptive epithelial tissues no such role can be envisaged. One possibility is that epithelial transferrin plays a role in non-specific immunity against micro-organisms by chelating free iron. There is some evidence for this in the observation that the growth of a skin inoculum of bacteria is greatly enhanced by the presence of free iron (Miles et al., 1976) and in the report by King et al. (1975) that the growth of common dermatophytic fungi is inhibited by unsaturated transferrin.
Transferrin was also demonstrated by immunoperoxidase staining in myoepithelial cells in a variety of tissues. This previously unreported localisation of the protein is unexplained. If it is related to the need for these cells to absorb iron for myoglobin synthesis the negative reaction of other types of muscle cell requires explanation.
FERRITIN
Although most of the body's ferritin is in the liver (Prieto et al., 1975) small amounts can be extracted from many other tissues, including the spleen, heart, lung, kidney, pancreas, thyroid, brain, adrenal, intestine, placenta, and bone marrow (Harrison et al., 1974; Crichton, 1975 (Masson and Heremans, 1966) , and in neutrophil polymorph cytoplasm (Masson et al., 1969) .
The demonstration of lactoferrin in cells from the upper gastrointestinal tract (gastric mucous neck cells, duodenal epithelial cells) has not been previously reported. Possibly this finding is related to mucosal defence mechanisms-by analogy with the presence of lysozyme in gastric glandular cells (Klockars and Reitamo, 1975 , and personal unpublished observations). Possibly also the protein has some role in mucosal iron transport-by analogy with the similar appearance of transferring staining in intestinal epithelial cells. 
Conclusion
This study shows that the three major iron-binding proteins in man can be detected by immunoperoxidase staining of paraffin-embedded tissues, a finding which considerably extends the potential range of normal and pathological human tissues that can be retrospectively studied. Their distribution as revealed by this technique broadly followed the patterns established in previous studies. However, in addition these proteins have been demonstrated in tissues where their presence was previously unsuspected. Further studies are indicated to elucidate the significance of these findings in terms of normal metabolism and in relation to disease processes, particularly disorders of iron metabolism.
